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Line detection method for grounding fault in resonant grounding systems
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Abstract: The identification rate of fault line for single-phase earth fault in resonant grounding system is
normally low due to the weak fault current signal by the arc suppression coil. This paper proposes a new
method to detect the fault line in resonant grounding systems based on the characteristics of the low
similarity between zero-sequence current waveform through fault line and the one through non-fault
line. First, the HHT (Hilbert-Huang transform) method and time-spectrum band-pass filtering method are
used to process the zero-sequence current waveform. Then, the time-frequency energy matrix of the zero-
sequence current waveform through each line is constructed. Finally, the detection of the fault line is
realized by combining the similarity recognition method in image recognition with comprehensive similarity
coefficient matrix. Simulation results illustrate that the proposed fault line detection method is effective and
reliable for noise interference and two-point grounding fault in resonant grounding systems.
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Fig. 1 Zero-sequence current waveform of the circuit at different fault angles
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Fig. 2 Zero-sequence current waveform of the circuit on bus-bar earthed fault
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Fig. 3 Time-frequency spectrum for Hilbert sub-band

2 HWSngEEEFEHEMEIRINEZLR FiE
2.1 MHMEIRAFE
B E\ Ey 53002 2 5 AR 4R 25 7 B LA 5 100 s 00 R o 2 A D)l e 00 2 () X AR AL p a0

M K
DD ELGEGLj)

i=1 j=1

‘OAB: ’ (3)

ZZEW,]»ZZE%(W)
KL pan EARIE T T 1, B0 2 SR 4% % 9 30 B 52 T2 AR A 1B 5 o s (LA /)N L UL PH 20 2% 288 I 1940 1550 % 305 T2 A AL 38 A AT
2.2 IEMARREIE & K HE

AR A B2 R P SR 2 S8 o A 2 B B] O 25 B AR BL R B 1 S R ko U BT I IR R B, 20 2




62 TR K FFHK % 14 K

WA HAFR b HUE 0.1,
A BARH 42 b IR R R Al AN
DURLR i ¥k >k i =12, H BRI B
DUWIRA b, <<kori=1,2, H WZELHK #FHE.
B 4R VA AR L ARl 4 TR

ikl

| remrwanres |

i
e L e

P

FE S A HilbertH S5 1% 3 18
B EWNEAZFRREANR
THAHET

{
e
f
[ kmasmmemek, |
t
[ rmmmsompzse |

— K<k T
B fiiz="203:1
| LB |

iR

B4 MEE&FTERE

Fig. 4 Flowchart of fault line detection
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Fig. 5 Measured recorded waveform of bus-bar fault
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Fig. 6 Measured recorded waveform of feeder L3 fault
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Fig. 7 Simulation model of resonant earthed system
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x1 ETEEHFHSH

Table 1 Parameters of the main transformer

ZHu/MVA A L 25 AL/ kW JE A/ kW WAL/ N EEBET /Y%

20 110/10 22 135 0.8 10.5

x2 BRESHY

Table 2 Parameters of the feeder

B AH ¥ BLFH/(Q+ km™) B/ (mH « km™1) B/ (uF « km™D)
i KT 2.700 1.019 0.280
F, 45 48 i
EF 0.270 0.255 0.339
EF 0.275 4.600 0.005 4
U o o e
EJP 0.125 1.300 0.009 6
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Table 3 Results of earthed fault line detection

LA A 2R B [
L, I:/km R./Q 6/ o TR 25
(ki k: ky ki ks ko]
L, 3 20 60 [0.607 —0.975 0.607 0.607 0.607 0.606] EH
L, 7 100 90 [0.601 —0.989 0.601 0.600 0.601 0.601] 1F
L, 6 20 60 [0.606 0.605 0.605 —0.976 0.606 0.606] EH
L, 12 100 90 [0.600 0.601 0.600 —0.991 0.601 0.601] 1F
15324 0 20 60 [0.977 0.990 0.997 0.995 0.995 0.985] 1F
B} 2% 0 100 90 [0.976 0.994 0.997 0.996 0.997 0.998] EH
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Table 4 Results of fault line detection with Gaussian white noise
Z5AHH oL 3R B

L; l/k R:/Q 0/ e 2k 4%
v ‘ / (ke k. ki ki ko k] AR

L, 4 20 0 [—0.995 0.602 0.602 0.601 0.602 0.601] 1E
L, 11 200 90 [—0.994 0.601 0.600 0.601 0.600 0.601] 1E
L, 3 20 0 [0.603 0.604 —0.991 0.602 0.604 0.604] 1E

L, 7 200 90 [0.602 0.603 —0.997 0.602 0.602 0.603] 1E
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Table 5 Results of fault line detection with two earthed faults

L5 45 AR 2 B0
L, 0/ ~H B2 45 B
[k, k: ks ki ks k]
L, L, 0 [0.220 —0.642 0.221 —0.467 0.232 0.231] 1E
L, L, 30 [0.210 —0.605 0.217 —0.566 0.215 0.213] N
L, 0 E
[0.226 —0.638 0.234 —0.578 0.235 0.235]
L, 30 iE
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Table 6 Results of fault line detection with different transient time ranges

_ - ; LA R A R U [
P/% T e I >R B 14 I8 O T 30 4 a 2k 2 R
[ki k: ki ki ks k]
5 1/4 [—0.986 0.601 0.602 0.601 0.602 0.601] 1EH
5 1 [—0.957 0.607 0.607 0.607 0.606 0.607] IF#
10 1/4 [—0.988 0.601 0.602 0.602 0.601 0.601] 1EHf
10 1 [—0.943 0.609 0.609 0.609 0.609 0.609] IF#
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Table 7 Results of different methods of fault line detection

o ) B LR
2R 7 ik FRAE 48 bR zk
1 2 3 4 5 6
X ZAMMPIERE  0.603  0.604 —0.991 0.602 0.604 0.604 1EH
EMD ¥ RERAER T 0.431  0.025 0.022 0.045  0.057 0.018 5

N EERS AH X BE &= 0.36 0.35 1.24  0.37 0.38 0.35 1E
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